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Abstract 
The question this paper addresses is how can we get the same benefits of active participation and personal feedback that a 
computer provides at the cost of just a dollar per child per year? The answer is an Interpersonal Computer, in our case consisting 
of a PC, a projector, and a mouse for each child participating in the activity. The experimental work performed in mathematics 
illustrates how the systematic use of an Interpersonal Computer improves the effectiveness of learning, while our experience with 
language show us the importance of quality feedback mechanisms incorporated into the interactive system. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The One-Laptop-per-Child initiative, which aims to provide 1:1 educational computing to students in developing 
countries has drawn a lot of attention (Kraemer, 2009). Nonetheless, even at US$100 per device such solutions are 
still far too expensive to be implemented in most developing communities around the world (Trucano, 2010).  One 
possible, more economical, solution is to make use of Single Display Groupware where a large display is used by 
several people at the same time. 
Single Display Groupware allows multiple co-located people, each with their own input device on the same 
machine, to interact simultaneously on a single communal display (Stewart et al., 1999). The solution to reducing 
the high costs is to provide each child with an input device that controls their own objects on the screen, thus 
effectively multiplying the amount of interactions per student per PC, at the minimal cost of extra input devices 
(Pawar et al., 2007). The information displayed is shared by a group of users who have a distributed control through 
multiple inputs, allowing several people to interact at the same time, in the same place (Kaplan et al., 2009). This is 
a highly attractive option for schools in developing countries where high student-computer ratios are a common 
problem. 
The use of multiple inputs has been studied by a number of researchers who have sought to demonstrate its 
effects on peers working with a single screen (Paek et al., 2004). A fundamental aspect that favors interactivity 
among the students, and particularly their level of motivation, is the fact that the activity makes each of the students 
work with their own objects. As each student controls their own input device, they are forced to participate and 
become protagonists in their own learning (Infante et al., 2009). 
As in Single Display Groupware where a large display is used by several people at the same time, in an 
Interpersonal Computer the display of information is shared by a group of users that have a distributed control 
through multiple inputs, allowing several people to interact at the same time, in the same place (Kaplan et al 2009). 
In this paper we show how an Interpersonal Computer, oriented towards working simultaneously with an entire class 
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and consisting of one PC, one projector, one mouse for the teacher, and one mouse per child can be used to acquire 
arithmetic and language skills. We had two research questions. The first: how does such a system affect student 
performance when is used regularly; and secondly: how can explicit feedback mechanisms be implemented for 
language teaching and how is it used by the students. 
2. Interpersonal Computer for Arithmetic 
When teaching an entire class, where each student is different, taking into consideration the individual rhythms of 
each student can be a great challenge. However, it is crucial that each student feel constantly challenged in order to 
achieve success, considering gradual progress in each task, and that they do not become frustrated, and abandon the 
challenge (Sangster, 2006). 
Using an Interpersonal Computer each student can solve a series of mathematical exercises, generated according 
to their performance through a set of pedagogical rules incorporated into the system (Alcoholado et al., 2011). The 
system for students between first and fourth grade has 65 levels, of which 18 are addition, 18 subtraction, 13 
multiplication and 16 division. At each level, the students have to correctly complete 10 exercises to advance to the 
following level. If there are errors in any of the 10 exercises, they must complete 5 more. Upon completion of these 
5, they may advance to the next level if they have answered correctly at least 8 of the total exercises at the respective 
level; if not, they will be given new exercises until they have completed 8 correct answers at that level.  
shed: 1) problem statement 
zone, 2) answer selection zone, 3) students pointing device that can move only within the 
student s identifying symbol and OK button, and 5) Feedback zone (as shown in Figure 2, feedback can be right, 
wrong, sleeping (no activity for a minute), or deep sleep (no activity for more than 2 minutes).  
Figure 1: Work space for each child 
Since all students work at the same time on a single display each child has a workspace, where they perform 
individually, as in Figure 2. No child can exit their  (Figure 1). 
All the individual spaces are displayed as a grid. Using a 1024 x 768 pixel projector on a conventional 1.5m x 1.5 m 
screen, up to 49 children can work simultaneously in a single classroom (Alcoholado et al., 2011). 
They have a mouse of their 
own, with special abilities that enable them to intervene in the they 
consider to be pedagogically convenient. One of the teacher elements is the graphical information about the progress 
of all the students at the right hand side of Figure 2. This data also serves as feedback for the students, so they know 
how they are doing in comparison to their classmates. 
3. Interpersonal Computer for Language Teaching 
Reading is an increasingly important requirement, as the demands of written communication become greater and  
greater in terms of speed and comprehension. The poor results in reading comprehension achieved in a number of 
countries are evidence of the need to find new and better ways of teaching and supporting student learning in this 
area. To this end we designed a series of pedagogical activities using Dick et al., (2001) instructional design model, 
for the learning of reading comprehension with a group of 7th graders. The students had to read a number of 
different kinds of texts, construct the overall meaning of each of these and reflect upon a vocabulary both varied and 
appropriate to the content matter. In the design, we considered: 1) the types of text to be read, taking into 
consideration length and linguistic complexity, both  conceptual and structural of literary and non-literary texts; and 
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aspects related to form or content, and make sense of different individual parts of a text and the text as a whole. 
 
Figure 2: 36 students working simultaneously on the Interpersonal Computer 
Each participating student in the classroom had their own mouse and received two (paper) notebooks, one 
containing the different exercises, and one with feedback when they gave incorrect answers.  Each class began with 
a Power Point presentation in which the teacher outlined the main concepts of the class. Later, the students 
individually worked through the exercises in their workbook, answering at their own pace on the Interpersonal 
Computer. The exercise book for each session contained 20 questions, each with 4 potential responses. When the 
student made a mistake the system guided them to the corresponding feedback for which they required their second 
notebook.  
 
 
 
 
 
 
Figure 3: Student work phases for each language exercise 
As with the Interpersonal Computer for arithmetic (Figure 2), each student has a personal workspace where they 
work individually at their own pace, from which they may not leave and to which their classmates may not enter. 
For each exercise, each workspace may go through three phases, Figure 3. In the first phase, [1] in Figure 3, the 
student is indicated to go to a question (2 in the example) in the exercise book. To make sure that they are looking at 
the corresponding question they must confirm the first two letters of this question (Oe in the example, [1A] in Figure 
3). Once it is correctly confirmed they must respond, [2] in Figure 3. The students have to decide which of the 
options is correct in the marked area, [2A] in Figure 3. If the answer is correct, the process repeats with a new 
exercise, [1] in Figure 3. On the other hand, if they answer incorrectly, the icon marked [3] in Figure 3 appears. In 
this case, the student has to make use of a second notebook for Feedback. The number besides [3A] in Figure 3, 44 
in the example, tells the student which feedback they have to read; to make sure that they are reading the correct 
feedback, they must confirm with the two first letters of the corresponding feedback, Ak in the example, [3A] in 
Figure 3. The flow then proceeds to the answering phase. As with the mathematics activity, the correct answer is 
selected using the icon which represents the student, a drop in Figure 3. The amount and types of feedback are the 
same as in Figure 2.  
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4. Experimental Study 
4.1. Arithmetic 
Considering that a brief initial experimental study already existed (Alcoholado et al., 2011), the aim of this study 
was to analyze the performance of the system presented in Section 2 when introduced for a longer period  in the 
schooling process. The study was performed in a state-subsidized school for low-income families in Santiago de 
Chile. 37 students from 3rd Grade, divided randomly into 2 groups (a control and an experimental group) attended 
14 weekly sessions which were preceded and followed by pre- and post-tests. Despite taking place over six 
continuous months (with three weeks of vacation in between), there was no time for more sessions due to public 
holidays and extracurricular activities.  The experimental group worked with the system described in section 2 while 
the control group worked with pen and paper guides made up of the same kind of activities.  
Table 1 shows that the experimental group achieved a statistically significant increase of 54.41% (p<0.0006) 
whereas the control group achieved only 28.96% (p<0.0011), demonstrating a significant difference between the 
two (p<0.026). It is important to note that while the students that worked on paper completed an average total of 
536.9 exercises per student, in the experimental group, this number was only 266.11 exercises. The pen and paper 
students corrected their own exercises and received feedback only when they expressly requested it from the 
teacher, thus providing no guarantee that they arrived at the correct result, or that they understood how they had 
gotten there. Even more, a total of 625 questions were not answered in paper and pencil, with one student omitting 
313 questions; with the Interpersonal Computer it was impossible to omit questions. The students who worked using 
the Interpersonal Computer, however, took more time as they could not continue onto the following exercise until 
they had correctly completed the previous one.  In this way, the students who worked with pen and paper advanced 
more quickly through the exercises, getting to on average of rule 37, while those from the experimental group only 
mean that they learned more than the children in the experimental group.  
Table 1  Pre- and post-test results of the students who attended all sessions 
 Pre-Test Mean Post-Test Mean Increment d 
Experimental Group 18.95 29.26 54.41% 1.17 
Control Group 25.50 32.44 28.96% 1.14 
 
4.2 Language 
 
The experimental work was done over six 90-minute sessions with 40 seventh grade children aged between 11 
and 12 from a state-subsidized middle class school.  With the verification system outlined in Section 3, the 
possibility of arriving at the wrong question or feedback was essentially eliminated. In the activities using the 
interpersonal computer the teacher could see (as with the mathematics activity) the progress of the different students 
in the class, and thus could devote more time and support to those that needed it most.    
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Cumulative Percentage of Confirmation Time (seconds) for Questions and Feedback. 
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Having seen the results of the pre- (25.28) and post- 
we noted a low increase (3.56%). Following an analysis of the results with the teacher, we noticed that the questions 
which required the extraction of information from the text was where the students were not improving, and 
concluded that for a next study the feedback for these questions have to be improved.  
It is interesting to note in Figure 4 that approximately 60% of the children spent longer on processing feedback 
than answering a question, from which we concluded that they considered the provided guidance. On the other hand, 
we can see in Figure 4 that 6 seconds is the breaking point. Data shows that students that spend more than 6 seconds 
to confirm the feedback have 71% of correct answers, while those that confirm the feedback in less than 6 seconds 
have only 37% of their answers correct. This result confirms that personal feedback in an interpersonal computer for 
language exercises achieves its aim for those students who use it adequately.   
5. Conclusions 
In this study we showed how it is possible to achieve simoultaneous interactivity for an entire class using very 
low-cost technology. The work in mathematics illustrates how the systematic use of an Interpersonal Computer 
improves the effectiveness of learning, while our experiences with language show us the importance of quality 
feedback mechanisms incorporated into the interactive system. It remains for a future study to carry out for the 
language system a test similiar to the one done with the mathematics learning, in order to study the impact of the 
system with a control group when used over a sustained period of time.  
Learning does not so much have to do with intelligence but rather, with social context. Bielaczyc (2006) 
identifies the need for structure in the class and Penuel et al. (2007) point out that the different characteristics of the 
students are critical to the introduction of technology in the classroom. By providing a system that adapts to the 
students needs and learning progress we provide children with the adequate tasks, system guidance and teacher 
mediation needed for effective learning. 
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